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Figure 1. Map of release locations of coded wire tagged salmon in the Sacramento and San
Joaquin Rivers.
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Figure 2a. Release locations of coded wire tagged salmon in the lower Sacramento River used in the

analysis of salvage.
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Figure 2b. Release locations of coded wire tagged salmon in the upper Sacramento River used in the
analysis of salvage.
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Figure 3. Plot of export volume and predicted salvage probabilities for Sacramento River releases from
1993 to 2007
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Tables

Tablel. Predictor variables used to model survival of coded wire tagged salmon released in the

Sacramento and San Joaquin River.

Category Predictor Definition
. An indicator variable that represents the location where juvenile
location
Release- salmon were released; numbered from downstream to upstream.
specific temp Water temperature at the time of release.*
length Average fork length of salmon in the release group.
. Average flow in the Sacramento or San Joaquin River for 7 days
inflow ;
following the release.
Flow exports Average exports in the 7 days following the release.
0
& Proportion of each release group collected at export facilities.
salvaged
Concentration of NH4+ in the Sacramento or San Joaquin River in
NH4
the month of the release.
Water Quality Ratio of dissolved inorganic nitrogen to dissolved inorganic

DIN:DIP  phosphorous in the Sacramento or San Joaquin River in the month
of the release.

Secchi Average Secchi depth in the month of the release.
Wells' Wells' index of ocean productivity in the year that juvenile salmon
Ocean enter the ocean.
conditions Wells' Wells' index of ocean productivity during the release group's second
t+1

year at sea.

* Temperature data for certain Sacramento releases were missing and replaced with temperature
measurements from a USGS gauging station on the Sacramento River at Freeport.
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Table 2. Hypothesized relationships between predictor variables and salmon survival.

Category Predictor Hypothesized relationship with survival
Negative: releases made farther upstream are exposed to
location sources of mortality for a longer time period than releases
made farther downstream.
Release- ) . . .
specific Negative: higher temperatures in the river channel reduce
temp successful acclimation and increase mortality through
temperature shock.
length Positive: larger fish are less susceptible to predation.
inflow Positive: high flows move fish through the Delta quickly and
there is less chance of entrainment into the interior Delta.
Negative: higher exports cause direct mortality at export
Flow exports facilities or indirect mortality through entrainment in the
interior Delta.
% salvaged Negative: as salvage increases, the probability of capture in the
ocean decreases.
Negative: high concentrations of NHy alter food webs so they
NH4 .
are unfavorable to salmon (Gilbert In press).
Water quality DIN-DIP Negative: high concentrations of DIN relative to DIP alter food
' webs so they are unfavorable to salmon (Gilbert In press).
Secchi Negative: low visibility decreases susceptibility to predation.
Wells' t Positive: productive ocean conditions when salmon enter the
Ocean ocean increase the probability of survival.
conditions itive: i itions i
Wells' t+1 Positive: productive ocean conditions increase salmon growth,

increasing the probability of survival (Wells et al. 2007).
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Table 3. Definition of predictors used to model salvage of coded wire tagged salmon releases.

Predictor Definition
An indicator variable that represents the
location location where juvenile salmon were
released; numbered from downstream to
upstream.
An indicator variable that represents the
month  month that juvenile salmon were released
numbered from earliest to latest.
Mean fork length of salmon in each release
length
group.
rearing A dummy variable representing rearing type
where 1 = hatchery and 0 = wild.
year Year of release.
A dummy variable representing the position
DCC of the Delta Cross Channel where 1 = open
and 0 = closed.
. Average flow in the Sacramento River for 7
inflow :
days following each release.
exp Average exports for 7 days following each
release.
CI rate Recovery rate of salmon from each release
group in the Chipps Island trawl.
o rate Recovery rate of salmon from each release

in the ocean fishery.
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Table 4. Hypothesized relationships between predictors and salvage of salmon releases.

Category Predictor

Hypothesized relationship with salvage

Release-
specific

Flow

Survival

location
month
length
rearing
DCC

inflow

exports

ClI rate

ocean rate

Negative: fish released closer to routes into the interior Delta may be
entrained at a greater rate due to disorientation.

Negative: the DCC is open more frequently during early releases.

Negative: larger fish have a greater swimming ability and may be able
to avoid sub-optimal migration routes.

Positive: wild fish are better adapted to natural habitats.

Positive: When the DCC is open, more fish are entrained in the
interior Delta where the export facilities are located.

Negative: high flows reduce entrainment into the interior Delta.

Positive: salvage increases as the volume of water exported increases.

Negative: greater salvage reduces the probability of capture in the
Chipps Isalnd trawl.

Negative: greater salvage reduces the probability of capture in the
ocean fishery.
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Table 5. Candidate models of survival for Sacramento River coded wire tagged releases.

Models are arranged from the most to least likely according to AIC, values.

Release-
specific Flow Water quality Ocean conditions AIC, AAIC. AIC weight
X X X 432.050  0.000 0.456
X X 432.250  0.200 0.413
X X X X 435.600  3.548 0.077
X X X 436.385  4.333 0.052
X X 447.250 15.198 <0.001
X 449.012  16.960 <0.001
X X X 451.385 19.333 <0.001
X X 452.735 20.683 <0.001
X 457.988 25.936 <0.001
X 459.988 27.936 <0.001
X X 460.195 28.143 <0.001
X X 461.735 29.683 <0.001
X X 463.735 31.683 <0.001
X X X 464.300 32.248 <0.001
X 486.698 54.646 <0.001
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Table 6. Model averaged coefficients and unconditional confidence intervals for predictors used
to model the survival of coded wire tagged salmon released in the Sacramento and San Joaquin
Rivers. Asterisks indicate that the predictor had good support in data (zero was not included in
the confidence interval).

Predictor Sacramento River  San Joaquin River
0.445 -0.07

Release location

(-0.127 - 1.017) (-0.324 - 0.183)
_ %
River temperature (°F) 0.727 0.601
(-0.024 - 1.478) (-0.782 - -0.419)
*
Fork length (mm) 0.619 0.568
(-0.380 - 1.618) (0.266 - 0.869)
River flow (ft3 s'l) 0.171 -0.281
(-0.076 - 0.418) (-0.902 - 0.340)
- %
Exports (f¢ s 0.053 0.359
(-0.303 - 0.197) (0.129 - 0.590)
* -
% salvaged 0.21 0.078
(0.127 - 0.293) (-0.242 - 0.087)
NH, (mg I') 0.056 -1.039
(-0.220 - 0.331) (-2.300 - 0.222)
DIN-DIP 0.034 -0.256
(-0.191 - 0.259) (-0.816 - 0.305)
k
Secchi (cm) 0.321 1.219
(-0.032 - 0.674) (0.727 - 1.710)
Wells' 0.448 0.964
(-0.178 - 1.075) (-0.565 - 0.765)
- %
Wells'w 0.016 1.963

(-0.657 - 0.625)

(0.531 - 3.396)
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Table 7. Support for hypothesized relationships between survival of Sacramento and San

Joaquin releases and predictor variables following model selection.

Category Predictor  Hypothesized relationship Support in data
Sacramento San Joaquin
location negative no no
Release- .
. temp negative no yes
specific .
length positive no yes
inflow positive no no
Flow exports negative no no
% salvaged negative no no
NH4 negative no no
Water quality  DIN:DIP negative no no
Secchi negative no no
Ocean Wells' t positive no no
conditions Wells' t+1 positive no yes
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Table 8. Candidate models of survival for San Joaquin River coded wire tagged releases.

Models are arranged from the most to least likely according to AIC, values.

Release-

specific Flow Water quality Ocean conditions AIC, AAIC, AIC, weight

X X X X 402.250  0.000 0.614

X X X 404.181 1.931 0.234

X X 406.118 3.868 0.089

X X X 406.805 4.555 0.063

X X 429.674 27.424 <0.001

X X X 430.181 27.931 <0.001

X 433.955 31.705 <0.001

X X 436.118 33.868 <0.001

X 456.840 54.590 <0.001

X X 457.469 55.219 <0.001

X X X 460.779 58.529 <0.001

X X 461.856 59.606 <0.001

X X 476.469 74.219 <0.001

X 477.840 75.590 <0.001

X 479.594 77.344 <0.001
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Table 9. Candidate models of salvage of coded wire tagged salmon releases in the Sacramento

River. Models are arranged from most to least likely based on AIC, values.

Release-
Model specific Flow Survival AIC, AAIC, AIC, weight
F2 X X 2415.933  0.000 0.736
S4 X X X 2417.987 2.054 0.264
P1 X 2480.756 64.823 <0.001
S2 X X 2484.516 68.583 <0.001
S3 X X 2619.363 203.430 <0.001
F1 X 2633.956 218.023 <0.001
S1 X 2716.829 300.896 <0.001
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Table 10. Model averaged coefficients and unconditional confidence intervals for predictors
included in salvage models. Asterisks indicate that the predictor was well supported by the data
(zero was not included in the confidence interval).

Category Parameter Estimate
location -0.03
(-0.092 - 0.033)
month 0.144
Release- (-0.407-0.119)
specific 2.215%
length ) 8552577
rearin 1.679%
& (0.028-3.078)
1.611*
beC (0.576 - 2.645)
. 0.34*
Flow inflow ) 032 - 0.649)
exports 1.355%
p (0.985 - 1.726)
0.158
Survival Clrate 4 157-0.472)
ocean rate 0.109

(-0.229 - 0.447)

Date or other info | Page 23



AsEESRent 0P Chind R SRR M RIR DHI UM Witk Eoabd 6707426 haleRYS RASLES
1993-2005

REFERENCES

Baker, P. F., Speed, T. P. & Ligon, F. K. 1995. Estimating the influence of temperature on the
survival of Chinook salmon smolts migrating through the Sacramento-San Joaquin River

Delta of California. Canadian Journal of Fisheries and Aquatic Sciences 52:855-863.

Gilbert, P.M. 2010. Long-term changes in nutrient loading and stoichiometry and their
relationships with changes in the food web and dominant pelagic fish species in the San
Francisco Estuary, California. Reviews in Fisheries Science 18:211-232.

Kjelson, M. and P. Brandes. 1989. The use of smolt survival estimates to quantify the effects of
habitat changes on salmonid stocks in the Sacramento San-Joaquin Rivers, California. In
Levings C. et al., editors. Proceedings of the National Workshop on Effects of Habitat
Alteration on Salmonid Stocks. Canadian Special Publication of Fisheries and Aquatic
Sciences 105, pages 100-115.

Lindley, ST, Mohr, MS. 2003. Modeling the effect of striped bass (Morone saxatilis) on the
population viability of Sacramento River winter-run Chinook salmon (Oncorhyncus
tschawytscha). U.S. Fishery Bulletin 101:321-331.

Newman, K. B. and J. Rice. 2002. Modeling the survival of Chinook salmon smolts
outmigrating through the lower Sacramento River system. Journal of the American
Statistical Association 97:983-993.

Newman, K. B. 2003. Modeling paired release-recovery data in the presence of survival and
capture heterogeneity with application to marked juvenile salmon. Statistical Modeling
3:157-177.

Newman, K. B. 2008. An evaluation of four Sacramento-San Joaquin River Delta juvenile
salmon survival studies. Project number SCI-06-G06-299. U.S. Fish and Wildlife
Service, Stockton, CA.
http://www.science.calwater.ca.gov/pdf/psp/PSP_2004_final/PSP_CalFed FWS

_salmon_studies final 033108.pdf (November 2008)

Newman, K. B. and P.L. Brandes. 2010. Hierarchical modeling of juvenile Chinook salmon
survival as a function of Sacramento-San Joaquin Delta water exports. North American
Journal of Fisheries Management 30:157-169.

Perry, R.W. 2010. Survival and Migration Dynamics of Juvenile Chinook Salmon in the
Sacramento-San Joaquin River Delta. Doctoral dissertation. University of Washington.

Date or other info | Page 24



AsESRent 0P Chind R RN PRI DHY UM Wit Eoabd 8707426 haleRYS RASLES
1993-2005

Wells, B.K, Grimes, C.B. and Waldvogel, J.B. 2007. Quantifying the effects of wind, upwelling, curl, sea
surface temperature and sea level height on growth and maturation of a California Chinook

salmon (Oncorhynchus tshawytscha) population. Fisheries Oceanography 16:363-382.

Date or other info | Page 25



s OP OISR RIER DHRHMA W3 Coald'6 07 A8 halcRYS RASLR3
1993-2005

(inside back cover)



AsESRent 0P Chind R SRR M RIR DHY UM Wit Eoabd 8707426 haleRYS RASLZS
1993-2005

(Back cover)



AsSES e OP O IR SRR RIR DA M Wit 2oald G0 7A2¢ haleRYS RASLES
1993-2005

Copyright © 2007 by Cramer Fish Sciences





